Aim: The aim of this study was to ascertain the beliefs and perceptions of practice nurses' influence about the uptake of the measles, mumps, and rubella vaccine.
| INTRODUCTION
Immunization is a proven tool for controlling and eliminating lifethreatening infectious diseases and is estimated to avert between 2 and 3 million deaths worldwide annually (World Health Organisation, 2016) . Furthermore, immunization is the most important way of protecting people from vaccine preventable diseases (World Health Organisation, 2017) . Developed countries including the United Kingdom (UK) have different immunization programmes which continue to evolve with the introduction of new vaccines (Kennedy, Gray Brunton, & Hogg, 2014) .
The United Kingdom has a structured national immunization pro- survey (Haverkate et al., 2012) . The authors of this survey of countries in the European Union and Iceland and Norway concluded that a national healthcare system should promote those vaccines that have been proven to be safe and effective. The research concluded that there needed to be consensus amongst healthcare professionals in promoting their national immunization programme to increase vaccine uptake (Haverkate et al., 2012) .
| Background
No single factor determines parental immunization decision-making.
Several factors have been identified including location and access to services; relationships with health professionals; perception of information sources; social class; and ethnicity (Austin, Campion-Smith, Thomas, & Ward, 2008; Casiday, Cresswell, Wilson, & Panter-Brick, 2006; Macdonald, Henderson, & Oates, 2004; Mixer, Jamrozik, & Newsom, 2007; Wilson, 2000) .
The principle health professionals involved in the promotion and administration of the national immunization programme in the UK include general practitioners, health visitors, and practice nurses.
There is evidence to suggest that general practitioners and health visitors sometimes influence parents immunization decision-making (Evans et al., 2001; Harrington, Woodman, & Shannon, 2000; Mixer et al., 2007; Smailbegovic, Laing, & Bedford, 2003) . However, there is inconsistency about the influence of health professionals (Poltorak, Leach, Fairhead, & Cassell, 2005; Pulcini, Massin, Launay, & Verger, 2014; Walsh, Thomas, Mason, & Evans, 2015) . The importance of healthcare professionals having a consistent approach in promoting vaccines in national immunization programmes has been endorsed by the VENICE survey (Haverkate et al., 2012) . Practice nurses have been identified as the principle immunizer in some areas in the UK Why is this review needed?
• The integrative review provides a unique insight into the beliefs and perceptions of practice nurses where there is currently limited research about their influence on the uptake of the measles, mumps, and rubella vaccine.
• At a time where there is an increasing incidence of measles particularly in Europe since 2017, exploring the role of the practice nurse is important in ascertaining their sphere of influence from a public health perspective.
• Given the challenges of maintaining herd immunity for measles, mumps, and rubella, understanding the sphere of practice nurse influence on the uptake of MMR is crucial.
What are the key findings?
• Four themes were identified that the beliefs and perceptions of practice nurses' influence about the uptake of the measles, mumps, and rubella vaccine which were parental immunization influencing factors, practice nurse characteristics, information and communication, and personal views and concerns were characterized.
• Practice nurses described a lack of consistent and current immunization training, particularly concerning vaccine safety.
• There is a paucity of research focused on the role and influence of practice nurses in measles, mumps, and rubella vaccination activities.
How should the findings be used to influence policy/practice/research/education?
• A strong evidence base about the factors that influence practice nurse and parental immunization decision-making related to immunization is essential.
• Practice nurses considered that they had variable and often inadequate levels of immunization relevant education. Sources of information should be developed and disseminated to reflect when changes occur to national immunization programmes.
• The views of practice nurses need to be investigated to explore their current beliefs on multiple vaccine administration to maximize their contribution concerning the uptake of the measles, mumps, and rubella vaccine.
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| 267 (Maconachie & Lewendon, 2004) . Research to date is sparse on the influence of practice nurses on parental immunization decision-making, as are practice nurse beliefs and perceptions about the MMR vaccine. Therefore, it is important to explore how practice nurses perceive their beliefs and perceptions concerning their influence on the uptake of the MMR vaccine to inform the development of strategies to improve practice in this field. This information is particularly important in the context of their documented role in the administration of and promotion of national immunization programmes.
| THE REVIEW

| Aim
The aim of this integrative review was to ascertain the beliefs and perceptions of practice nurses' influence about the uptake of the MMR vaccine.
| Design
An integrative review method that included diverse methodologies was conducted (Pluye & Hong, 2014; Whittemore & Knafl, 2005) .
This method was considered the most appropriate method as it allowed for the combination of diverse methodologies, thereby, not limiting the type of and breadth of data incorporated.
| Search methods
Searches were conducted using CINAHL; Medline; PubMed; Google Scholar; ScienceDirect; and Scopus databases from February 1998 to April 2017. Records were identified from different sources into one database and duplicates were removed. Additional searches were undertaken through hand searching and secondary referencing.
Searches were limited to articles that were peer reviewed, published from February 1998, and in the English language. The Medical Subject Headings (MESH) that were applied were practice nurse; MMR; influence; experiences; attitudes; perceptions; and uptake.
| Search outcome
Articles were selected in two stages. This first stage with the application of MESH terms revealed 1,108 records (Figure 1 ). The inclusion criteria used for the searches were primary research; practice nurses as participants; English language articles only, and published from February 1998. At this time, a further nine records were identified through other sources, such as by hand searching and secondary referencing. Fourteen duplicates were removed with a total of 1,103 records. All the 1,103 records were screened by reading either the title or the title and abstract by two independent reviewers to identify eligibility (MH and either LA or DS). The main reasons for exclusion were that participant population or the vaccine of interest did not meet the inclusion criteria. After applying the inclusion and exclusion criteria, 1,056 records were excluded leaving 47 full text articles The second stage involved MH and either LA or DS independently reviewing and assessing the 47 full text articles. In this stage, the full text article had to address the review question. Thirty-five articles were excluded (Figure 1 ) with 12 articles remaining for inclusion in the final synthesis. Throughout the selection process, any discrepancies were resolved by discussion until a consensus was reached.
| Quality appraisal
Critical Appraisal Skills Programme (CASP) tools were used to appraise the 12 included papers (Nadelson & Nadelson, 2014) . All eight quantitative and mixed methods studies were assessed for their domains of bias, which examined the selection of cohort; ascertainment of exposure; assessment of outcomes; and adequacy of follow-up for each of these studies (Supporting Information Table S1 ).
Quality was not used to include or exclude studies from the review; however, the findings from the quality assessments were incorporated into the synthesis of studies.
| Data extraction and synthesis
All 12 papers were read several times to grasp the content in its entirety. Convergent qualitative synthesis was used to draw together the data from the 12 papers (Pluye & Hong, 2014) . The results from the qualitative (QUAL) (N = 3), quantitative (QUAN) (N = 7), and mixed methods (MM) (N = 2) studies were transformed into QUAL findings using the processes outlined by Whittemore & Knafl (2005) .
A constant comparison method was used to guide the analysis process. The use of this method is compatible with an integrative review that includes studies with varied data and methodologies to analyse and synthesize (Whittemore & Knafl, 2005) . In other words, initial codes for results in each paper were identified through the extraction of themes from the 12 papers. Codes were drawn from the data without attempting to make them conform to pre-existing sets of concepts, with patterns and relationships relevant to the review identified using an iterative process (Choi & Van Riper, 2017; Coombs, Parker, Ranse, Endacott, & Bloomer, 2017) . These were then compared using an integrative process to identify commonalities, inconsistencies, and patterns; relationships between the initial codes were also identified. The initial process was conducted by one author (MH), then explained, justified, and refined through a series of conversations with all review authors to develop themes. Initial codes were then rechecked to ensure they were all represented in the final four themes that were identified.
| RESULTS
Twelve studies met the criteria for inclusion in the review. A range of research approaches including quantitative methods, qualitative methods, and mixed methods were used. Studies that were included in this review were primarily descriptive in nature and were of variable methodological quality. Of these studies, eight were conducted in the UK, two in New Zealand, one in Australia, and one in the Republic of Ireland (Table 1, Supporting Information Table S2 ). In every study, practice nurses were either identified as the sole participant group (Desmond, Grant, Goodyear-Smith, Turner, & PetousisHarris, 2011; Lamden & Gemmell, 2008; Petousis-Harris, GoodyearSmith, Turner, & Soe, 2005) or a discrete group in the sample (BMRB Social Research, 2008; Cotter, Ryan, Hegarty, McCabe, & Keane, 2003; Kennedy et al., 2014; Leask et al., 2008; Macdonald et al., 2004; Smith, McCann, & McKinlay, 2001; van Bekkum & Hilton, 2013a , 2013b . Four themes addressing the question guiding this integrative review were identified, which were parental immunization influencing factors; practice nurse characteristics; information and communication, and personal views and concerns (Figure 2 ).
| Parental immunization influencing factors
Practice nurses perceived several factors influencing parents' decision-making in relation to immunization, most notably the impact of socio-economic status and concerns about vaccine safety. Views about the impact of socio-economic status were complex (Cotter et al., 2003; Kennedy et al., 2014; Lamden & Gemmell, 2008) . While practice nurses in a UK study reported that parents from more affluent socio-economic groups tended to be more critical and challenging in their questioning about the MMR vaccine (Kennedy et al., 2014) , practice nurse colleagues from Ireland highlighted how hard to reach 9 records Identified through other sources All 47 articles were 1,108 + 9 records retrieved through other sources = 1,117
Duplicates (14) | 269 groups such as single parents and travellers were less likely to have their child immunized (Cotter et al., 2003) . It is not possible to draw strong conclusions from these studies, given the small numbers of participants interviewed and the heterogeneity of the communities served. Consistent with the complexity of this issue, the uptake of MMR was not correlated with practice deprivation scores in a UK survey study, but was strongly correlated with the Index of Multiple Deprivation domain connected to housing and services (Lamden & Gemmell, 2008) . Practice nurses perceived parental safety concerns about the MMR vaccine continued to be influenced following the publication of the Wakefield et al. study in 1998 (Desmond et al., 2011; Kennedy et al., 2014; Petousis-Harris et al., 2005) . While this study did not prove a link between autism and bowel disease, the researchers reported that 8 of the 12 children's parents or physicians in this study had linked the onset of behavioural problems with the MMR vaccine. Consequently, parental safety concerns persisted about the safety of the MMR vaccine despite the retraction of this study by the majority of authors, which practice nurses have to work hard to dispel. 
| Practice nurse characteristics
Practice nurses perceived several characteristics of their own professional group as influencing MMR vaccination practice. There were discordant views about the role of the ratio of practice nurses to patients (Desmond et al., 2011; Lamden & Gemmell, 2008) . While Desmond et al.'s, (2011) work in New Zealand suggested higher ratios of nurses to patients led to higher immunization uptake, no association between MMR uptake and the number of practice nurses was found in a UK study (Lamden & Gemmell, 2008) . Smith et al., 2001) . This is despite further education and training being reported as a key to understanding the rationale behind the introduction of the second dose of MMR (Petrovic et al., 2001 ).
The challenges for practice nurses keeping up to date with immunization knowledge was consistent across multiple settings, with nurses in both the UK (Kennedy et al., 2014) and Australia (Leask et al., 2008) indicating this as a problem. The impact of poorer immunization knowledge is concerning given that a now dated UK survey revealed 45% of practice nurses had not received any formal immunization training (Macdonald et al., 2004) . However, a more recent study in the UK has reported that 94% of practice nurses indicated that they were aware of immunization training, with 72% having attended between one and two immunization sessions in the previous 2 years (BMRB Social Research, 2008) . Keeping up to date with immunization knowledge was an important factor identified in an Australian survey, where the majority of practice nurses' could correctly identify when to immunize a child who presented with low-grade fever or who had been prescribed a course of antibiotics (Leask et al., 2008) . A key factor that has an impact on practice nurses' consultations is the access to and availability of immunization training. Without contemporary immunization knowledge, practice nurses' ability to address parental immunization concerns is compromised. Australia, health department circulars and newsletters were identified as their main sources of information (Leask et al., 2008; Macdonald et al., 2004) , with UK nurses also using the "Green Book". Of note, only 8% of UK practice nurses indicated that they used peerreviewed journals as an information source (Macdonald et al., 2004) .
| Information and communication
The different sources of information that practice nurses reported using were not always contemporary. Although now dated, a survey of 239 practice nurses in the UK revealed that 14% had not received the Health Education Authority's factsheet on MMR (Petrovic et al., 2001 ). Nevertheless, of those who had received the factsheet, 98% stated they found it extremely or moderately useful (Petrovic et al., 2001 ). Practice nurses reported limited access to contemporary and rigorous sources of information that influenced their ability to provide evidence-based advice to parents.
Challenges were reported by practice nurses about how they communicated information to parents, especially from the media. 
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The importance of communicating evidence and information was explored in two studies of 18 primary care nurses in the UK of whom nine were practice nurses (van Bekkum & Hilton, 2013a , 2013b . These studies revealed how the media influenced both patients and healthcare staff involved in national immunization programmes (van Bekkum & Hilton, 2013a , 2013b (Cotter et al., 2003) .
| Personal views and concerns
In half of the included studies, there were concerns about the safety of the MMR vaccine (BMRB Social Research, 2008; Kennedy et al., 2014; Leask et al., 2008; Macdonald et al., 2004; Petrovic et al., 2001; Smith et al., 2001 ). Concerns were raised repeatedly about the necessity of providing two doses of MMR (Kennedy et al., 2014; Petrovic et al., 2001; Smith et al., 2001 ). Other concerns raised by practice nurses included being uncomfortable administering two injections in a consultation, overloading the child, the complexity of and changes to national immunization programmes, and the difficulty of keeping up to date with these changes (BMRB Social Research, 2008; Leask et al., 2008) . In some instances, 29% of UK practice nurses recommended that single vaccines should be provided by the NHS as an alternative to the MMR vaccine (Macdonald et al., 2004) .
Safety concerns about the MMR vaccine revealed lack of knowledge -33% of practice nurse respondents in a UK survey considered there was an association between the MMR vaccine and Crohn's disease and 27% believed there to be an association with autism (Petrovic et al., 2001) . While the personal views and concerns in these studies are not based on evidence and while concerning are rare, these may not reflect current practice nurses' attitudes to the MMR vaccine.
| DISCUSSION
Four themes about the beliefs and perceptions of practice nurse' influence about the uptake of the MMR vaccine emerged in this integrative review. These included parental immunization influencing factors, practice nurse characteristics, information and communication, and personal views and concerns. More specifically, practice nurses' beliefs and perceptions were influenced by the parents' socio-economic status, sources of information available to inform decision-making, their ability to accurately determine vaccination status and concerns about multiple vaccinations.
There were differences in the way practice nurses perceived how parents' social status could have an impact on their immunization decision-making. Whilst some practice nurses contended that there were differences in the sources of information that parents from different socio-economic groups accessed, others viewed parents who did not attend appointments such as single parents and travellers as problematic rather than focusing on their social class (Cotter et al., 2003) . Previous research has either supported or refuted whether a parent's socio-economic status is a predicate for immunization decision-making. Low levels of immunization were found in a UK survey as the majority of their nonimmunization parents were from a more affluent population (Macdonald et al., 2004) .
Similar results were found in four focus groups of either parents of completely immunized children or parents of incompletely immunized children where low levels of immunization were associated with a more affluent population in the UK (Austin et al., 2008) . However, in a mixed methods study in north west London, the relationship between uptake of the MMR vaccine and socio-economic status was not significant, as the classification of a mother's socioeconomic status was made on the ward of the borough where they lived leading the authors to contend that the socio-economic status assigned to the mother may not be accurate (Mixer et al., 2007) .
Likewise, a survey of general practices in the UK revealed that the relationship between parental social class and MMR uptake was not significant (Lamden & Gemmell, 2008) . Based on this body of work, it can be argued that practice nurses perceive a range of factors that influence parental immunization decision-making with practice nurses perceiving that no single factor determines a parent's final choice on whether to immunize their child with the MMR vaccine.
Practice nurses use an array of different information sources to inform their immunization consultations. However, this is not uniform and whilst there have been endeavours to standardize immunization training, it is unknown if all practice nurses involved in immunization programmes have access to standardized immunization training and update courses. In addition, it is unknown if they do not have access to immunization training from whom they seek information from. In other specialities in international settings, registered nurses have indicated they rely on colleagues for information (Marshall, West, & Aitken, 2011 . However, in a more recent exploratory study in Norway, research was identified as the most important source of information for nurses (Bringsvor, Bentsen, & Berland, 2013) .
Practice nurses themselves are a source of information. In a mixed methods study in Ireland, practice nurses perceived themselves as one of the factors that influence parents in their immunization decision-making (Cotter et al., 2003) . A feasibility study in
London revealed that parents of children who were immunized with the MMR vaccine identified the practice nurse as a useful source of information who in part influenced their decision-making, but did not wholly determine it (Hill & Cox, 2013) . Similar results were found for general practitioners. In a UK study, many general practitioners found that parents had already decided to immunize their child with the MMR vaccine, whilst other parents sought their support rather than their advice (Poltorak et al., 2005) . The limited and inconsistent evidence about what information sources practice nurses use to inform their own practice and unclear detail about how practice nurses influence parental immunization decision-making raise questions. It is unclear whether practice nurses influence the uptake of the MMR vaccine and "counter" misinformation in the media.
The importance of practice nurses being able to accurately determine vaccination status was also apparent in the literature (Cotter et al., 2003; Petousis-Harris et al., 2005) . One study identified the need for a central reporting system for immunization to confirm immunization status (Cotter et al., 2003) . In this instance, it was argued that this would enhance confirming vaccination status and would assist in following up parents who did not attend appointments. It has been contended that lack of information about immunization status made it difficult for practice nurses to be certain about vaccination status. Inconsistency in immunization data collection has been cited in the literature as an issue that hampers the ability to manage immunization programmes (Ronveaux et al., 2005) . It has been recommended that the establishment of a national immunization register would be beneficial (Petousis-Harris, Goodyear -Smith, Turner, & Soe, 2004) . This raises the importance of ensuring that a recording system is accurate and contemporary to minimize the resource required in following up those who do not attend for appointments (Cotter et al., 2003) . While practice nurses rely on accurate recording systems, there is guidance on how to deal with consultations when there is uncertainty about an individual's immunization status. In the UK, Public Health England (PHE) has produced guidance for health professionals when faced with individuals with an undocumented immunization history (Public Health England, 2018) . In this instance, PHE recommend that when there is no reliable history of previous immunization, then it should be assumed that individuals are unimmunized and the full or part thereof, of the schedule should be followed (Public Health England, 2018) . However, it is unknown if guidance such as this is standardized in other national immunization programmes.
Practice nurses described a cautious approach to administering the MMR vaccine. This reticence could lead some parents to question the safety of this vaccine and hence have an impact on their immunizing decision-making (Kennedy et al., 2014 Leask et al., 2008) . There has been discourse in the literature about the immune system's ability to respond to vaccines administered to infants with the prediction that if 11 vaccines were administered to infants at one time, approximately 0.1% of the infant's immune system would be used (Offit et al., 2002) . More contemporary studies have examined the perceptions of healthcare professionals relating to immunization (Bakhache et al., 2013; Mameli et al., 2014) . While an Italian survey sought to elicit the views of both healthcare providers (HCP) and parents attitudes towards the administration of a new vaccine, the results for the HCP revealed that 26% agreed with the concomitant administration of the meningococcal serogroup B vaccine with routine infant immunizations (Mameli et al., 2014) . While nurses consisted of 27% of the overall HCP sample for this survey, it cannot be determined that all these nurses or what proportion were practice nurses (Mameli et al., 2014) . However, it reveals that these nurses were hesitant in recommending multiple vaccines, which could influence parental immunization decision-making. Likewise, an earlier survey of HCP and parents in seven countries showed that 83% of HCP supported administering multiple vaccines relative to their country's national immunization programme (Bakhache et al., 2013) . While the majority of HCP supported multiple vaccines, only 24% of the overall HCP sample were currently administering three injections. The majority of parents (86%) in this survey accepted the vaccines in their national programmes with 75% trusting their HCP judgement about vaccine choices (Mameli et al., 2014) . Although the number of multiple vaccines is increasing in national programmes, the practice of administering multiple simultaneous vaccines is not a new phenomenon.
| IMPLICATIONS FOR FURTHER RESE ARCH, PRACTICE, AND EDUCATION
There is a need to explore practice nurse perceptions about administering multiple vaccines. This is particularly important given the com- 
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Employing organizations should ensure that this is built in to their policies to ensure their practice nurses are supported in their clinical development.
Education and training need to be tailored to meet changes to national immunization programmes. This is to ensure practice nurses are equipped with the most contemporary evidence to inform their clinical practice.
| Strengths and limitations
This is the first integrative literature review that has sought to explore the beliefs and perceptions of practice nurses influence on the uptake of the MMR vaccine and has generated key findings and implications for policy makers. Use of an integrative review framework has enabled inclusion of studies using a range of research methods to provide a broad summary of this topic. However, this review is limited by the minimal number of studies found and may be biased because statistically significant results are more likely to be published. In addition, some of the studies included in the review were more than 10 years old and therefore, may not reflect opinions in the current policy environment.
Although this review provides an excellent baseline for this information, more recent research conducted in the current policy environment is urgently needed to determine if these views and beliefs persist.
| CONCLUSION
Practice nurses are involved in the administration of national immunization programmes. In this integrative review using qualitative, quantitative, and mixed methods, four themes related to practice nurses' beliefs and perceptions were identified. These included parental immunization influencing factors, practice nurse characteristics, information and communication, and personal views and concerns.
Although this review provides an excellent baseline for this information, more recent research conducted in the current policy environment is urgently needed to determine if these views persist.
CONF LICT OF I NTEREST
No conflict of interest has been declared by the authors.
AUTHOR CONTRIBU TI ONS
All authors have agreed on the final version and meet at least one of the following criteria [recommended by the ICMJE(http://www.ic mje.org/recommendations/)]:
• substantial contributions to conception and design, acquisition of data, or analysis and interpretation of data;
• drafting the article or revising it critically for important intellectual content.
O R C I D
Marie Catherine Hill http://orcid.org/0000-0003-0106-0665
